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",,,,I"" mno.l6M 
RIEF SURVEY OP GERK.N IMFRi.RED DBVEUFKEHt 

,v 0. K. Yfillooko 
Chiof, Advance Raditition Unit, Aircraft Radiation Lnb., 

Elootrrnios Sub-Division 

I am suro all of us, at  onu time or another, h"vo srrvolod at tha 
nany spoatnoulnr dovioos thrt woro usod during the war, both by us and 
our onoraij».    Careful thrught will bring out the foot that enly about 
frur or fivo roally now ideas  or dovalopmonts o-.mo to li(*ht.    First on 
tho list would be tho roalisatinn of tho physicist's' droam, ntomio onorgy. 
Soornd plaee eon oasily go to rad<-r, tho utiliir.tinn  of radio wavos to 
leorto pianos and dc hundrods  of othur things«   "To cannot igncrj tho 
practical applloation of rrokot propulsion that mr.da tho V-2 a radically 
now woapon»    Tho use of poniolllln, tho various sulfa drugs and othur 
almost miroelo modiar.l aids should oooupy ono of tho plsoos  on thia list. 

To raoko tha. list o-.raploto v/o nust add tho military application of 
Infrarod radir.tion.    I do not raonn to  inply that this uns anywhora noar 
as important as tho  othors.    It w-s hewovor rno of tho  roally now idoas. 

Tho dlsoussion t'-is  aftornoon will   lft-.l with tho mothbds and dovioos 
as utilizod by tho Germans»    I shr.ll attompt t-> giva ycu a  ornoiso   -vor-all 
pleturo of tho German effort.    Drs. Wains ~.nd Fisohor in thoir papors 
will   'rosont dotailod and spoalfio data on spooializod phasos of the art. 

A word about ny souroos of infrrranticn«    Tho matorial I shall prosont 
in this papor Is of nooosslty soornd hand.    By that I moan that I was not 
a nonbir nf any of tho v.rinus  invostigr.ting toams that gnthorod lnf i-mrtlnn 
and oquipmont in Qirrar.r.y.    It was gloanod frrn tho v rlrus  olassifiod 
lntollleonoo ronorts and was soourod by a long but intorosting job of 
Identifying Gorman IR oquipnont, putting It tcgothor and attempting to mako 
It wrrk.    It was irathorod through conversations with members  of mri-us 
investigating toams and Gernan soiontlsts, and lastly all of tho information 
was tlod togothor and vorifiod with roforonoa to cr.pturoi Gorman documents  • 

As many 'f you in tho flold lai'W, tho ronl down nf infrarod aamo in 
1935»    It was at this ti->o that sovcral invostigntors in this  oou^try and 
srmo mon in Oirmany, and perhaps  othor aountrios, turnod toward tho applica- 
tion of IR radiation to tha solution of ocrtain nilitary probloms.    Sugges- 
tion alrng this lino had boon randu o-.rlior, as far br.ok as 1919»    In fact 
ono or two r.ttonpts along this  lino w ro tried during "rrld Viar I« 

Just what woro t^oso military prcbloms?    Forhaps tho boot answor to 
this quostion Is simply an onumoratlnn of tho usos to which IR has boon put. 
tor oxamploi 

a, Tho uso of imago-frraing dotootors fcr night vision with IR Illumin- 
ation« 

b, Dotootidn nf hontad objects with imnpo-frniilng or nonimsgo-formlng 
dotootnrs» 
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o.    Signaling, l.o,, transmission of voioo intelllgenoe, bllnkar- 
signalinr; idontifioation, alia tr navigation, and infrared radar* 
Büro ri'lr.r la used loosoly to mor.n thu detection and traoking of 
plr.nns and ships. 

d.    I'isoollanocus appllooti- na, auoh aa prrxinity fucoa, autcmntlo 
gunfirlng, oroctins IR barriora, etc,  oonoludos tho Hat« 

W.rw whr>t was tho atato  of tho nrt In Oormany?    Oonorally spanking, 
tho 0. rmons wore ahor.d  of us  In aortain respoets.    On tho whole, the 
infrarod dovioos thoy had, performed bottor than cura.    Tho rooa^n was, 
nnd I want to mnko t'iis  point  olcor, that vory fsw of thoao doviooa woro 
manufactured in largo quantities.    Tho Ooraana had a groat varloty of 
doviooa, but of somo ra dais only 5 to 10 and ovon loss woro aotually 
built.    Tho fact that thoy vroro oapturod at tho frcnt doos net moan that 
thoy wori: widoly usod|  it just moans that tho ronl proving ground, tho 
battlo frcnt, waa juat anurd tho or-rnor for tho Q^rmtna.    For oxamplo, 
Tho Ojrmnn Bildwar.dlor BTO'. tuba,  equivalent tc our mass-preduood 1P2J, 
pcrf:rms bettor, but oannot bo mass produood.    It ia a boautiful oxanplo 
of tho class blowors art with its variiua  glaas-to-motol  j-ints,   but a 
hoadaeho to a tubo manufacturer.    Our lnfrcrod viewing doviooa wore  light 
and portable|  tho German doviooa woro always much her.vior.    It la important, 
whan oomparisona aro mado,  that wo oarofully consider all tho faots. 

This imnodiatoly pivos us a oluo to tho answers  of a  ocuplo of questions 
that usually orop up nftor a paraon soos tho toohnloal oxoollonoo of Goman 
IR oquipmont. 

Question ono iai    Why did thoy fall tr. moko oxtonsiva tootioal uso of 
IRf    Tho answer la el-iply that tho dovioo aa a rulo oculd nrt bo manufactured 
in largo quantitios, 

Tho aocr.nd quostion iat    Wh" ia tho Gorman IR nomenclature  (equipmont 
names)  at  mu'ilodT    In li<*!»lnp thr-uRh tho literature,  one earn boorrooe  o-n- 
fuaol with tho uao if ar many names and models  nf devices, auoh aa ZIELGERÄTE; 
F;.HRGERRTE, ORTUPOSGERATE, BECB..CWTTHJIGERT.TE, T/>QESGER/.TE, SEEHOND, ADLER, 
IGEL,  V.V'PIR,  FALTER,   PIT",  OHO and many, many others.    Tho G3man    had 
many nodola, but relatively fow rt jaeh mrdol.    I shell not attempt to 
ornfusa ycu with tho vr.rirus doviooa, but rather discuss tho ecnoral typo 
of tho oquipmont in oaoh oaso. 

/. 
Lot ua oonaidor first of all tho v-ri-us typos rf Gorman dotaotors for 

IR mdiati:n,    Thoy aro basioally of tu:   typos, the nonima~o forming and 
tho im-pa f•rming.    H.ro  in slilu Ho.  1 wo ha"j a chart showing tho uaoful 
n-.nin."f:inr   '.otoot- rs.    Of apodal interest la tho data In olumn 3l tho long 
wavolomrth HrSt  •. f  .poration.    Tho limit    f 16 mu civon for thormooouplo 
and b lonotor ia t-bvioualy tho limitaticn duo tr tho blackonlng loy.r of tho 
dovioo. 

I shall nit apond any tino  on tho first  ono on tho list sinoe moat of 
you aro f-.millr.r rath it.    I sh-uld llko tr   discuss In s. mo dotail tho noxt 
throo,   J.ll of thoao, tho thallcfido, load aulfilo, lead solonido, and load 
tollurido, all dopond u •• n tho  inner photoolootrio offoet,    I shall nrt go 
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late detail conoeming the theory of the photooonduotive effect of semi- 
•onduotori for the story Is still not very olear.    There ere many rough 
spots In the theory that oust be oleared up.    The effect itself has been 
knowr. for a  long tine.    J. C. Bose received a patent in 1901 for the dis- 
covery of the  faot that natural galena crystals changed their resistance 
when illuminated.    Some of you nay be familiar with the old Case cell as 
described in the "Physical Roview"  in 1917.    The Case cell was  sensitive 
in the lnfrarod,  but was very delioate.    It had to be handled with kid 
gloves,  so to spoak.    The Germans  improved on the Case cell with their 
thalloflde cell but the PbS  cell soon replaced it.    It appears that the 
Thallofide  cell was broupht to a higher state of perfection by Cashman 
in thia  oountry than by scientists working in Germany* 

The lead sulphide oell was  n a of the  projects  on which the Germans 
really oonoentrated.    The following inoident will serve to illustrate thia 
faot.    In 19l|2 the Germans held a symposium on lnfrarod techniques.    Experts 
In the field prosented a series of 15 papers during the two-day session. 
Out of thoso 15 papers,  S dealt with the semiconductor oell and oloaely 
relatod topics. 

A great deal of the  serious work was done at AEG in Kiol.    The work 
started with natural galena crystals.    Soveral oolls, made of a geometrlo 
arrangement  of arystals, were built.    Thoso colls wore not bad perforators, 
but you oan imagine that they wore naturally quita doliaato.    The noxt 
step obviously was tho utilization of synthotic PbS layers.     It was  soon 
found that tho  sensitivity oould bo increased by a factor of 20 to JO  if 
tho temp  raturo  of the call was brought down to that of liquid air.    Up to 
this  stage of tho gamo, th-.so  oolls exhibited quito a pronouncod photovoltaic 
effect.    Soon  colls oould bo  produced with no photovoltaic offeot at all, 
but parformod axoollontly as photoresistive clemonts.    At first,  liquid air 
was usod for aooline,  but this was not a  practical mothod.    Solid carbon 
dlo)Clda  (dry ice) would bo much moro desirable  coolant.    Unfortunately, tho 
oolls soomod to havo a stooper Improvement gradient noar tho liquid air 
tomporaturc.    Seon,howovor,  colls were produood -.hose optimum porformnnoo 
ootually oonterad around -65°C the dry-ice temperature.    This was a  e;ront 
stop forward,  for it allo-r:od a sound m:>ohnniool dosim of the colli    Hero are 
some views  of a  standard oell.  (Figs. XI, X2)    A plug of dry ioo,  produood by 
a simple oxpandor mold attached to a standard COg  cylinder, v.r,s held in 
oontaot :vith tho wall  on which the PbS was dopositod.    A  charge  of dry ioo 
would last from 6 to 8 hours.    Tho  oolls wuro mr.do in soveral sizos nnd woro 
fittod with Duran glass  or qucrtz windows.    Tho applied voltago was  roncrnlly 
around 50 to 100 volts. 

"rihon tho war ended, tho laad-solonldo ooll was boing worked on as 
energetically as the PbS ooll had boon before.    Tho probloms woro similar. 
Tho selonido ooll has tho distinct advantage of having a greater long wave- 
longth limit.    It was dosignod spoolfioally to utilise tho U-mu atmosphorlo 
window.    Dr.  Fisohor will havo more to sa" r.^out tho ehereetoristios of the 
various oolls  in tho sooond popor this aftjrnoon. 

The next  slide shows a ampliation of data of imago-forming dotootors, 
Tho first  is the  oosium-oxide  or thodo-imago-convortor tubo.    This is basically 
tho elootron tolosoopo  of Zworo' yn and Morton.    Nota that It Is considered 
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tha etandard of comparison,    I shall have aoro to any about this tuba in 
datall later on«    The next two on the list havo nothing to'offer aa far aa 
improved performance,  exoept that for oertoln applications,, tholr othor 
advantages outweigh their laok of ncrformanoe.    The fourt1) one Is rather 
novel.    Unfortunately none of the   ••• eipment Is available for display* 
The avaporoproi'h or EVAGEüXT of Csorny Is quite simple, but novortholosa 
vary speataoulr.r.    It Is a truo thermal dotoctor*   A thin film of volatile 
oil is deposited on a target momhrane.   An optical system,  effeotivs in the 
medium 1R rogJon, forms on imorro on the membrane.    Visible lirht is filtered 
out and only the heat radiation is USJJ Tor iie^e fo-mation.    Tho difforen- 
tial heating of the mambrr.no by tho imago eausos evaporation of the   ill 
layer at different rates at different t:pots, thus chancing tho thioknoss 
of tho film.     Illumination with visible light produoos c visible imago due 
to the interference phenomena.    Attempts to bring this equipment from tho 
laboratory state to tiie practical state ware not too successful.    The friotors 
involved In the oporatlov must be controlled very rigidly and anyone who has 
worked with service equipment knows what headr.ohos would crop up,    Ineidontly 
the time constant is vorv Ion" at low source lovels.   Here however Is definite 
proof that a ploture oan be produoed by thermal moans.    Portu-.ps this ovaporo» 
graph of Csorny la tho crook in the door to that tantalising land of thermal 
Imaging*    It ma" provide you with ideas» 

Aa far aa IB photography goes, the use was naturally llmltod*   Wo 
Should consider it here rathur briefly, simply to make tho survoy oompro- 
hensivo,    The oameras usod, noturally, woro fittod with long focal-length 
lenses, since tJie greatest r.ppli option In t'>ls fit Id was the photography of 
distant objeots.    Lenses with >3> focal lon'th and fi25 aporturo wore 
used,    Spooial cameras with ah Intorohan^uo.Vlü negative Ions aytom gave 
fooal lengths up tu i|0 meters.    Spcolnl" film materials woro available from 
Agfa that had sensitivity pocks at 1.75, 0.6?, 0.95, «nd 1.05 mu. 

IR shotograohy was usod preferentially for roOonnaisaanoo purposes, 
auoh CB lJtep-irln«r changes in building construction, the dotoction of 
oamouflago, tho detection nnd phot, »rapMo observation of convoys In tho 
ohannol, etc»    One of tho 3 » foeal-langth cameras was used to photograph 
t>e radar installations on tho Dovur oonot.    A subsequent exposure with a 
spooial 28 m. fooil-lungth oamora gave enough detail to onablo tho Qor 
tuohnioians to determine tho wavelength from the antenna dlnonslons* 

The positions of cross-channel guns nnd soarohlights ware looated by 
tha simple expedient of exposing the plate at night, and then without dis- 
turbing anything to produoo a daylight doublo exposure.    Stereographs  on an 
600 m basr. line w>ire also taken* 

The phosphorescent lma^e oonverter was evidently not used extensively» 
Tho principle  of operation is that a special  phosphor Is put into a mata-       • 
stable state by radiations  of short wavelength*    Actual flourescenoe is 
produoed when tho mota-stoblu phospho.  is illuminated with IR light.    The 
advantage of this method Is its extromo simplicity.    Small viewers oan be 
built at a very reasonable cost.    The KATEJWERIT was such a devloo.    It was 
a light Instrument, weighing less than 500 grams, that could be produoed 
rather cheaply In comparison with electronic instruments.    Roughly speaking, 
the sensitivity was approximately 500 to 1000 times loss than the normal 
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Olootronlo Bildwandlor.    It did her-   -or sorvo n vary good purposo.    A pr.trol 
londor oould dotormino whothor ho waa bolng illumlnr.tod with IR bsoruso tho 
rango of a KATEROERAT against a spotlight wna groator than the olootronlo 
viowor waa with the light. 

An ovon al'rplor dovi'oe waa an lnfrarod phoaphor button that oould bo 
worn end uaod ae a warning devleo whon tho person booamo an IR target.    It 
also had its US-J In marking land-mino flolds and other aroas.   An lnfrarod 
flashlight bo?.n would mnlco thoao glow buttons  light up. 

It la worthy of noto that tho work on phosphorus WAS dono for tho 
most pr.rt at tho Philip Lanard Institute at Hoidolborg by Professor A. 
Bookur and assooiatos.    Thoy ovidontly did sucoood in preparing a phoaphor 
whoso longor wovolongth limit was in tho vicinity of 2 rau.    Tho big 
dlffloulty soomod to bo in the look of stability« 

A glanoo at tho last slido »hows that I havo boon working book toward 
tho first viewer ehovm In tho ohf.rt, tho eosium Bildwandlor or imago oonvortor. 
It la by far tho most lnportutt ono on tho list»    It la parfootly feir to 
say that raoro military applications modo uao of thla devioo than any of the 
othors. 

For tho bonofit of aomo of you who may not bo familiar with tho imngo- 
oonvartor prinoiplo, may I toko a fow aeoonda to rovlow briefly tho oporation 
of tho tu bo.    /in imnzu  of tho objoot,  olthor illuminated with IR or a  solf« 
emitting IR souroe, is formod by an oxtorno.1 optical systom on photooathodo 
ef ailvor-oosium oxido.    Tho liboratod olootrons pass through an olootrostatio 
fiold whoro thoy aro uocolorctdd -.'.nd foousod on a flouroscont soroon -fhoro 
a visiblo i-aop-o is fornod.    Tho  iir.r.i is gjn'irolly viewed wit\ tho aid  of a 
mngnlfior»   The primary imc.<;o is I'll1-, rod to allow only tho long wavelength 
eomponont  (r.bovo 0.7 rau) to a ctivrto tho  csthodo»    Tho daop red filter used 
pravonts the  oathodo from boinK damaged by axoossivo  illumination in daylight. 
and servos tho purposo ft night of provonting tho  visible  eonponont from 
roomorginp through tho objooti'-o, and thus botraying tho position of tho obser» 
vor.    Tho tubo, as you oan soc,  la vory slnplo in oporutioni not simple in 
construction. 

The wholo aystom la thon simply a torrcstial tolosoopo in whioh 
erootior  of tho imago takes  placo in tho olootrostatio lane.    Tho transfor- 
mation of IR to a visiblo irango is also o- rriod out in this portion of tho 
systom. 

Lot us now look :vt aomo of tho faatora that nood bo oonsidorod to 
develop an offioiont  IR imaco  oonvortor.    First of nil wc nust havo a  oathodo 
that will omit as many olootrons as possiblo whon  illumlnr.tod, and as  fow 
thermal olootrons us possiblo.    Tho silvor-aosiun oxido oathodo is tho only 
ono that ein bo oonsidorod.    As many of you know the production of suoh a 
transparent oathodo Is quito complox.    Tho total sonaitivlty and spoctral 
rango oan bo shiftod quito roadily by tho thiaknoss of tho sllvor layer, tho 
amount of frao oosium,  and by tho mothod uncjd in tho produotion of tho  oathodo» 
uVifortunr.toly, tho  limit of sonsitivity on tho  long-navo end is around 1.2 mu. 
Our constant wish and hopo (not too nuoh hopo oithor)    for a oathodo going. 
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to longor wavolonghts and of groator sonsitivity,  seoms to hove boon shared 
by tho Oamina,    Tho" roeognlsod the oxtrema dlffloutly of thi» Job.    A 
roduotion in work furotion Is noadcd, without inoroaslpR tho thermal and field 
omissions. 

Thcro nro two other ways in whloh tho Imago tube ean bo improved, in 
ordor to ret nn npparont increase in sonsitivity by an aotual inoroaso in 
brightness.    Tho alatrons onuld bo glvon grui.tor onorgy by lnarouslng tho 
aooolcrnting voltago.    Tho Germans ovldontly wont as far in this dirootion 
as prootioal.    Operating voltagos up to 80,000 volts wan not at all unoommon. 
You oan soo tho addod difficulties that high-oporatlng voltagos of this 
magnitudo would ongondor, 

Tho third mothod of producing approoinblo  gain in operating officionoy 
is improvomont in tho flouroseont soroon.    A phosphor having great oonvorsion 
offioionoy is vary dosirabla.    It is,  of oourso, also nooossary that tho 
visual output bo in tho spootral rogion of maximum oyo sensitivity.    A truly 
fino grain struoturo will definitely lnoroaso tho possibility of good resolu- 
tion» 

80 mueh thon,  in a superficial way,   concerning tho imago tubo.    Tho 
Germans admittodly aarriod tho improvomont of o-.thodo-foousing S"stom and 
•eroon to a vory high stnto of perfection.    Improvomont in prosont tubes 
oan only ocmo slowly end painfully*    Tho boat bot sooms to bo tubes operating 
on a somowhat difforont prinoiplo. 

Slnao I hevo  attoraptod to givo you  only a vory gonorr.litod pioturo of 
tho Bildwandler  of BXU system,  suppose now vo consider tho more detailed 
operation of tho image tubo.    In this  slide   (U-A) wo have a detailed sehematla 
oross sootlon of n tao>c: thodo  ima?a oonvortor tube«    Sineo tho potontial 
gradiont in tho vloinity of tho phr^oo-.tVodo  is rathor small,  oonsidorablo 
scattering of olictrons would normn ly taloe plnoo.    Thoso oloctrons must 
bo oollcctod ;.nd brought to a point on tho soroon.    Tho  collection and 
focusing is  f:.oil it'tod by this  curved cthodo.    Koto th'it tho  fiold  is 
eurvod considerably so that radirtl acnoloration tokos  plnoo«    This simple 
curved   on thodo,  hollow cylinder anodo arrangement ct.n roadily produco an 
aceoptablo pioturo.    It is interesting to noto that duo to tho cylindrical 
anodo tho oat' ode potontial fiold oxtonds  somowhat boyond r.nd  into tho anodo 
oponlng.    This fiold produces a  radial spronding of'cat  on tho  boam that 
noarly offsots tho offoet of tho oonoontruting field,  thus  produr-inr almost 
pr.rallul electron rays and shifting tho fooa 1  pinna boyond tho normal position. 
Tho vory fact that tho rays aro noarly pr.rallul during tho last ono-third of 
this journoy   'ivos us a great depth of focus.    The  resolution oan be mado 
approximately 50 linos/urn and tho two aloctrodes simplify tho dosign and 
oporation. 

To utilise higher voltagos, tho throc-oloatrodo tubo was a le-ioal 
dovolopmont. The addition of tho sooond anodo, allows a mueh highor potontial 
with tho rosultt.nt lnoroaso in brightness, By making tho potential on tho 
sooond anodo or thu oathoda variable, the fiold pvttom oan bo so adjustod 
that hotter focusing will result. Actually it is possible, according to a 
Gorman report, to soouro a resolution of 1000 linos/ran, although tho Train 
of tho soroan will novor allow such a figure to bo roaohod in an aotual tube. 
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In order to roduoe the high field em]salon from the aathodo, a oonlsal 

oothodo ihlold 1« introduood.   This roduoos tho potential r.rodlont near the 
oothodo, und thus roducos this disturbing omission to nn approolnVlo extant« 
By ooellng, tho thermal omission oan bo reduced to a negligible! value.    Thus 
tho bao!ground brightness eon bo radueod so thct groator sonsltivlty oan bo 
aohlevod.    It Is olal-nod that tho sonsltivlty onn bo enhaneod to such on 
oxtont that rodlation from a bio ok body at 210*0 oan bo dotootod. 

Obviously tho numbor of anodos Is net limited to 3, nor Is tho voltago 
llmltal to SO or 25,    Exporimontnl tubos with 5 anodos and 50,000-volt poten- 
tials hr.vo boon built,    Rolnvorslon of tho limes by eloetronle moans has boon 
aocomplishad, although It Is of no purtieular valuo,    A vr.rioblo nugnif ioation 
tubo, as a result of v.rying tho foeal longth, has also boon triod, 

Horo nro throe tubes as actually produood und usud in practice, 
(Slid«) I'm showing those ns typioal examples,    Tho ABO tubo with its 
eharaotarlstio aurvod ethoda und flat sido Is tho medium slse of tholr line, 
Tha othor two aro Roiohspost tubes, a small ono, and n mediura-altod ono.    Thoy 
htvo flat oahtodos end curved sides,    Et\oh firm produood threo sisos.    I 
bollovo that most of tho tubos cro on display, 

Kany nttompts to  rot greater sonsltivlty and longer wavolanghts opora- 
tlon havo been mado,    A tubo using sooondary omission had boon built by ABO, 
An lnaroaso of brightness by e  factor of 20 oould bo aohlovod.    Tha big 
difficulty was tho difforanoe In velocity at different points in tho olootron 
stroam.   Another attempt, not too successful but promising, was this doublo- 
imago oonvortor,    (Slldo 7a«)»    Hero was u truo olactronie light amplifier, 
but tho difficulties wore tho l-.sk of doflrltion.    In ordor to got raaxlmum 
dofinitlon tho sop: ration botwoon tho soroon of tho first tubo r.nd the o-.thodo 
of tho second tubo must bo oxtromoly small, >md that is vory difficult to 
aehioTo, 

Electron nirrOr tubos using FbS or othur sondeonduotors havo >• ion 
tried, and a groat doal of work was being done at tho oloso of hostilities. 
They are oxtromoly intarasting and promising.   You will rooall tho first 
slldo showing tho various typos of noslaago-forming dctootcrs,    Tho limit 
of tho oxtornal photooloctrla offoot is approximately 1,3 mu( while tho 
photoennduotlvo typo of coll poos out to 5,5 mu and perhaps bettor.    If now 
a reasonably soncitivo photoconduotivo-irwn-  oonvortor oould bo built.  It 
would bo posaiblo to sec objects r.t rjmsonr.blo tomp' ratuos by their aolf- 
radlntlon.    Thus wo oould actually SOJ r.r. "imago" of a man providod tho 
background would bo at a lower temperature. 

Tho operating prinoiplo is rnlativoly simpl .    An IR iimro is pro- 
jected by optical moans on an olootron mirror consisting of a thin film of a 
semiconductor such as PbS.    Tho internal photoelectric effect ohangos tho 
oonduota&ou of tho mat Ma'   in approxim toly direct proportion to tho amount 
of light foiling on tho layer,    A thorninnlc o'thole oiiits a uniform stroam 
of electrons that is allovod to frill on this photosomlconduetor.    This homo- 
gonoous olootron stream Is  of oourso accelerated,  and  then  slovrad down so 
that tho "ponotration onorgy"  of tho oloetrons oan bo controlled accurately. 
Tho ratio of ponotration Into tho lay*r over tho rofloctlon is then v. funotlo* 
of tho  oh'-.raoteriitiOB  of tho matarial and  incident illumination,    Tho rofloas 
tod stroam is thon diverged by a magnetic field, aecoleratod and focused by at 
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olootroatatic flold, and than forms a vislblo iwgo on tho flouraaaant aoraan. 
Tho actual operation of rofloetlon fron this elaetron mirror dopends upon tho 
potoutin1 whioh la built up by tho lneldont homogeneous alootron atronm on 
tho uppor aurfooo  of tho semiconductor ei'.thode and on the transparent motalllo 
oothodo support.    As a result of tho high resistance of tho PbS layer on actual 
"potontial gradient ploturo"  Is built up.    Tho noxt slide shows what kind of 
visual lmagos oan bo uohinvod. 

I havo roforrod constantly to"PbS ns an oleotron mirror.    Actually the 
uso of PbS as such had not progressed boyond tho preliminary stares.    I 
roforrod to it meroly booauso I hrd discussed it to somo longth boforo as the 
boat all-around semiconductor.    In tho experiments that tho Gorreins performed 
with olootrcn-mlrror tubes, thoy aotually usod n Bismuth aol<;nid<i-solonium 
surface.    Although tho rosponso wont  out-to about 2 mu, the'  sonsitivity was 
appreciably less than the ordinary inn^e tuba.    Tho rooson that tho  load 
aulfidos,  tolluridos and solonidos  einnot b>i used ar.  tho momont  i3 that 

/auffioiontly high raslstnaeoa havo not boon achieved.    Tho oxporioneo of Ger- 
man workors showod that   in order to produoe •> usablo picture with a lirht 
valua of approximatuly ono lux, a spoolfio rosistnnoe of 1()9 ohmo/cm la  ro- 
quirod.    PbS at room tompsraturo has a valuo  of only 10^ ohms/cm.    By cooling 
to the tamperaturo of liquid air, tho vuluo foes up to  only 6x10'  ohms/em. 
Ho doubt this  imago tubo can be  improved und uvontuclly brought to the point 
whero practical  operation can be oxpoctod« but progress will bo  slow unless 
aomo othor -noro favornblo material oan bo found. 

Slnoo I havo oovorod tho thoory of tho  in-.ßo tubo moro or loss  in 
dotail,  lot us now turn our attention to somo of tho actual applications.    The 
cig-ust uso of tho IR imago  convert  rs  or Bildwandlers for night vision with 
refloated IR light was tho army.    T'oov had oquipmont ranging from tho small 
VAMPIR for mounting  :n a  rifle,  to the lar^o OROSSBIIOTfASOLER with 60-to~90-om 
mirror objectives.    Tho oommm usoa for IR viewing dovicos werof night driving, 
ormorud vohielo firo oontrol, and small arms fir» control. 

For night driving tho vr.rlrus FG  (PahrrorHto) *»sro usod.    Tho nood 
hara was for a rulativoly Ir.rao dlamotor viewing Ions so that both oyos could 
bo usod for viowing.    Slnoo tho  instrument vr..s  fixod in position,  a fairly 
wido anglo  of view was dosiro,  thus tho lenses w ro (-.morally of shorter focal 
longth for this application.    Fur light  sources,  IR filters woro slipped over 
tho normal hor.ili-hts,   or onnvorsoly,  if IR Spotlichts woro to bo usod for 
driving, a si-plo bonm-sprondor Ions was pliood in position.    Various  reports 
atntod. and thoro is no rons -n to doubt tho stntomont, that it was poeslblo to 
drivo as -voll .vith this oquipmont as with normal  lichts. I do imagino  that  It 
did take a  littlo tino for tho drivers  to convince thonsolvos  of tho foot. 

For gun-laying oquipmont tho term "ZIIlßERÄT" was usod.    In general 
this oquipnont oonsistod of a BITfA system  of largo aporturo and fairly narrow 
anglo of viow, nnd a n-.rrov-bcan soarohli-ht, both boro-sightod with the gun« 
I havo  somo plotnros horo of a typical installation.    This happens to bo tho 
ZO 1281   (Pix 10a 11a 12a).    Tho soarohlight is a 100wl2Vunit using a narrow 
beam to got a rr.ngo of 300 to I4OO n.    Tho visible oomponont la olirainotod by 
a double IR filtor. 

1 
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Tho viewer bod a total magnification of h tino« and the angao of view 
was 10°,  of whioh tho oortral 5° exhibited mixlmum roaolutlon.    Tho operating 
voltago provldod by tho power supply «as JE0c% Tho power aupply required tho 
standard S2(VnC which was dolivorod by thu invortor from tho 12vstorage 
battory.   Ancthur version of tho sumo oquipnunt mounted on a small antitank 
gun is shown in little more detail in tho n«xt four »lidos,  (Plx 13a lUa 15a 
l6a),    I mißht mention that the roflootors used wore of very pood quality 
and tho bulb was always a sphorioal  ono, with tho upper half uoeuratoly 
sllvorud tc c vory bright mirror finish.    Tho bulbs woro ovldontly manufacture* 
to vory oloso tolcranoos,  for the  refloated imago of tho filament was super- 
imposed exactly on tho filamont its"If. 

To provide a sighting rotioulo,  a  small flashlight lamp was usod to 
projoot n  tiny phetograrhio slldo-sightinr eirolo  onto tho  oithodo.    thero 
is an interesting anglo In connection with this sighting-oirclo projection. 
It would appoctr simpler to Jast sorateh orosehoirs  on tho fleurjsoont soroon, 
in fast this  is actually dono on sowo of tho  11,-htor oquipmont.    Howovar slnoo 
the oloatron stroan is affoated by a magnetic fiold as -voll as an eleetrlo 
fiold, tbo earth's ma -notie fiold,   oonoontratod by tho moss  of iron of tho 
gun and mount dnos deflect,  and rry distort tho IHKUTO.    If the  image of tho 
sighting rotiouli  is distrotod and shifted by tho  same amount, no harm is 
dona« 

A similar piooo  of oquipnont is tho IGEL III as shown in tho next 
pioturo (17a),    It mis designed for naval us. vith a stand- rd 90 em scaroh- 
ltght  eovorad with an IR filter.    Noto tho silo rf tho 3<-> cm fil.5 objoctivo. 
tho anglo of viow vms 6°.    Thu rnn~o with tho nbovo-montlonod searchlight was 
5,000 m.    Rnn-os  like this  oan bo nchiovodonly with lurgo sonrohllghts  loontod 
at somo distaneo fron tho obsorvim; instrument,   othorwlso tho soattorod light 
from oven a woll-oollimatod beam will bloak cut tho viow.    Lar^or searchlights 
wero usod, rnd '.;lth ovon larger objectives on the viowors,  ranges up to 10 km 
oould bo aohiovod. 

Ploaso understand that suoh ranees oould ba aohiovod only v/ith largo 
navy apparatus, und thon only undor idoal conditions.    Thu boat ronrro on 
land was perhaps ochiovod by the UHU oqu'-pnent.    This  oensistod  of a 60 on 
aarbon arc „üi searchlight with a hO~am IR filter, tf..-oth«r -.vith 6 kw pnrjr 
supply, mountoi on r. half-trr.ek.    Tho uso of this v.-hlcle was mainly for 
loading tanks und fur rooonnr.isaaneo.    A formation of 5 Ti-or tanks would 
havo  ono UHU.    This om.bled tho tr.r       to approach nlos-  onough to tho target 
so that thoir own uininr oquipmont  . ith r. JjOO-motor range  oould bo brought 
into play.    With tho haJf-traok previdim- tho  illumination,   tho  tanks  oould 
uso thoir viowors  to firo.nt abrut 700-m range.    Tho maxlnum rango of tho 
UHU equipment with a lsrro viowor was about 1500 m.    If,  for s"io roason,  it 
was not dosirablo to attack usir.s tho IR oquipmont, tho UHU half-track,  ~un- 
orally equipped with an 8-om gun oruld fire flares to Ulurainate tho target 
normally. 

Reports havo oomo in tolling of th.i offoctivonoss of t:iis oquipmont in 
tank warforo.    A Oorman tank outfit,  dug in on tho Russian front  on tho de- 
fensive,  suceooded in knooking out 67 Russian tanks  in ono night.    Fortunntoly, 
for us,  only about 60 pieces of oquipmont out of tho 600 ordorod wore actually 
dolivorod, 
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On the  other aide  of the size soolo «as tho "ViiMPIR", a rifle-mountod 
{onrehllght and viowor, tho oquivalont of our rooontly publieizad "snlpersoopo" 
dovolcpod and used by our ground forooa.    Tho oqulpnont, although hoavlor than 
our», did hi.vo ono novel feature.    It It to bo romomborod that tho Imago oon- 
vertor tubos draw vary snail ourronts.    The power supply of tho VAMPIR,  bullt 
Into a gas-mask oannistur, mado use of this fact by utilizing tho  ohargo storod 
in tho filter oondenser to oporato tho tubo.    Tho operators would simply pross: 
n button starting tho vibrator power supply whieh in a few sooonds would bring 
tho ohargo on an 0.1 nf 15»000-v eondensor up to from about 8,000 to 10,000 
volts.    The oh'.rgo would thon bo suffieiont to oporato tho viowor from 5 to 
10 minutes*    /»nether small viewer dosignod spoeifiaally to spot IR souroos was 
a fairly oompaot blnooular,    Ono sido of the  instrument was a conventional 
prism night glass, whilo tho  other tubulaturo of tho binocular contained a 
small BI7t» systum.    Motohcd crosshairs oncblad tho obsorvor to spot tho 
position of an IR souroo in rolaticn to tho surroundings. 

Thon thoro was anothor use of tho Bildwandlor IB toloscopo that wns 
routino with tho navy.    It was tho transmitting of intelligonoo via IR blinker 
• ignr.ls.    V:ith largo soarchlights and rolativoly oonpaot viowors, tho range 
was just about as  gror.t as with visual ]l<;ht.    A typical  small blinker instal- 
lation is shown in the no-rt sliio  (18a).    H-jro Is tho piotura    of a small IR 
signal lamp find another picture of a lnrco searchlight  for tho same purpose 
(19» 20a). 

Tho  feet that IR doos ponatrato hazo, and  certain kinds of small 
partlelo dusts and smok;>, nakos tho TAGESGERAT shown in the noxt pioturo  (81a) 
of some vnluo in daylight.    It doos inoroase tho visual rango by a factor 
dopondinr, rn tho condition of tho ntmosphore.    That factor had a vaiuo of 
only ono during conditions of fog and largo p-rticlo smoko.    It is to bo 
romomborod that tho noar ir.frarod doos not panotrato Jog any. bettor than 
vislblo  light, * 

A difforont uso of tho BILD'Y<.NDLER was tho passive dotoetion of aircraft 
Airoraft onginosonit an appreciable amount cf onorgy in tho  spootral region 
whoro tho  imago  eonvortor tubo  cporatos,   aspccially our onginos,   since  out 
pilots wcro 'l'jcyi "pouring on tho co'.l* and thus  ran thoir onginos hottor 
than tho Germans.    Tho *.DLER0ERj*TE wcro tho s ;rios  of instruments that oporated 
on this principle.    In thoso pioturcs   (23° 2U» 25°)   rf tho ADLER II a largo 
viowor is rK'unti.d rn a standard baso for cue-nan operation.    Tho unit was usod 
with sumo Buaacss f.-r searchlight dirootitn.    The aSinuth and olovntion infor- 
mation was tr-.ns-iittod via s lsyn meters  tr tho searchlight directors. 
Another vorslrn is thu tu/r—mnn op'~ rated unit shown in tho noxt picturos  (26a 
27a 28a).    Ono  cpurv.tor truokn  in azinuth whilo  tho  other tracks olovation. 
Tho binocul'.rs ar^ a precaution rgr.inst. tho possibility of confusing tho 
rosponsi  fren r   star f; r that frcr. •.  plr.no.    In fact this is  rno of tho woak- 
nossos  of this  syst'im.    T^vn.rd tho on1  of tho war omphasis vras  placed  on hoot 
dotoctcrs using PbS oolls rathtir than BIVC d .viens.    It might bo pointod    out 
that or.roful shialding of the exhaust waild out down tho rango of this  system 
tremendously,  f r a  lo'-or oxhaust tomp.raturo would plaoo the onorgy cut  of 
the  spootral ran.-:,  of tho  imr -.--ornvortor tubo.    This fact alono makes tho 
load sulfiic type  of detection almost  imporativo. 
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Porhop« some of you hnvo wondered about tho vary large objootive« 
that aro uaod on tho big inatoll'tiona.    Thoy ore large aperture,  long 
foenl longfch, high quality objectives «ode by Zolss, Lolt« and Busch.      
Aperturos of f i0.85 with 15 on foool length, and f.1,5 at UO em foeal length 
warn usod    alone with "slower"  lenses,  BOBIO evon a« elm.- as f i2.    Host or 
thorn woro antiroflootion coatod for tho 1.1 mu region.    I'm showing the noxt 
pioturo, a oross section of an ADLER BBIA. «imply to «how that tho.objoetive« 
woro not ono-or two-elonent lenaos.    Hoedles« to «ay a fil.5, W> on len« »a« 
not one to orrry around on your oondid oamera. 

Ho» lot us eoMidor in briof-«urvoy fashion some of the othor interes- 
ting lnfrnrod component«. 

I mentioned just a moment aro that as' far a« airoraft doteotion goo«, 
tho PbB ooll was replacing tho imngo-invertor instrument.    Dr. Weihe will go 
into dotall on tho  oporation of units like that in his di«eu«slon of Klol IT, 
tho BII shewn horo is a gonoral oxamplo of this type of equipment.   A mirror 
•y«tom «oons o fiold of view on a PbS ooll.    The pattorn. is ropootod by tho 
• earninG of tho ol.otron beam of a oathode ray tubo.    Tho signal produce« Z 
axis modulation.    Other indior.tion motheds have also boon usod.    In this 
particular systom,   scanning is accomplished by tho spiral motion of a piano 
nlaead 1/2 the foonl longth from tho parabolic oollocting mirror and tho  oell,. 

This is rbout as cleso as the Gormans camo to an infrared radar devioe 
for airoraft uso.    It was possible to d'toet planes,  to track thorn accurately, 
and to pace on tMs inf oTi^tion to tho soarohlight oontrol center.    It did not 
give an indiootion of ranf;o,    Tha «rdincry radar tochnicaue of pulsing enorgy 
and timing *ho  intarvnl   during energy transit was triod but  found wanting, 
»• Dr. Flsonorw1.1l discuss lator, against  lamor targets,  somo moasuro of 
«ucaoas was aohievod. 

To supply tho missing range  information attempts to utilita optical 
rangefindor toehniquos with tho various heat dotoctors were made, but too 
many diffioultios  oroppr.l u?.    Tha idea, howovor,  of detecting and ranging 
pasalvoly rvainst a target is o promising ono,  and with tho  improvement  of 
eomponants and toohniquos will no doubt booome well ostabllshod. 

Tho 'Hi RMBPEILGERATB or WPG woro slnllar to the other dovioes mentionod' 
•n that thoy warn hoat dotoetors usod tc dotooVa body at higher temperature 
then its surroundings.    Tho gonoral schomo was simply to place a bolnmotor of 
thermocouple ut tho focus of c parabolic mirror and to pan tho equipment slow- 
ly,    Thoro was no scanning in tho sonso that wo usually think of it beeauao of 
tho long tlmo constant of tho dotocting olortont.    Wo will hoar more about 
tho thoory and oporation rf this typo  of oquipmont in a lntor papor. 

Thoro woro many attempts to dovolop n horit-saoking missile.    LINSE wf 
Sols« and WASSERFALL woro two such dovioos.    They were never aotually used but 
woro in the last sbegos  of dovulopmont when tho time ran out,    A PbS ooll was 
generally usod find tho rttiiaiion from tho host «oureo was intorruptjd by a 
oheppor disk to produco r.  rondily amplififlblo signal.    WASSERFALL had two 
overlapping chopping disks with thoir oontors displaced so that at tho beam 
aporturo tholr tannonts are et 90'.    Thus with two sots  of poriphlal modula- 
tion tracks, four distinct modulation froqueneios are produoed in tho four 
quadrants.    These aro tho vonoontional Cartoalan quandrant« displaoed by a 
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rotation of k5°t    Solootivo ampllfiors food a proportional oontrel alrouit, 
and tho nisslla will fellow a "dog rarvo" course.    LINSE Is similar,  but slnco 
It was to "no appli.-d to a solf-stoor?d boat  It noodod only  right and  loft 
or.ntrol.    4 single disk with two porlphial tcno tranks dlvldod tho fiold into 
two HMI with distinot froquonoius.    Either mirror or rofraotivo optlos wore 
usod for thoso applications. 

Tho mr.torial for tho refractive olomonts might be of aonsidorablo 
intorost.    Tho Cnnans had dor.o n gront dool  of work on synthotio erystnls 
Lxh51••' lng intorostlng transmissions eharaetoristios.    Silver ohlorldo 
and s 11 vor bromlda orvstals wro known undor tho code names of KRS  11 to 1J, 
KRS  13 being a mixturo  of t.h ) two silvor hr.lidos.    Tho o-rtromoly intorostlng 
onos ••:•••• tho KRS erystals numbered bo lew ten»    Thoy waro tho thallium halidos 
and woro oxtomcly toxic.    K")S 5 is especially lntorestinr boeauso of its 
osoollont transmission in tho infrarad rogion.    i ourvo of tho transmission 
vs v: .v ;1 r.i'th  io s-ewn in tho nort slldo.    This graph came from a Gorman 
ronort.    Sovjral laboratories in this  oountry aro chock inr. the ehnractoristies 
of thj •atari« 1,  but wo havo no reason to doubt that this ie not an aoourato 
representation.    Tho material is pink and nan a slightly grantor hnrdnoss than 
NaCl.    Pint is up to 10 am in  ii-.ra-t.ir woro turned out.    The material was also 
us..] to mnku  compound   , :r..; is  for vr.rious hoat-soeking dc vires.    Tho optical 
components woro  ocr-tod for clinlnrtion of roflootion lossos.    Tho indox of 
rofraotinn of K- 3 5 is '.round 2.J».    KRS 6, a oloar material, had an indox of 
2.2 Ml did net transmit  out quite as  far into tho Infrarad.    Tho KRS material! 
wire torolopod and turned out by Smakula at Zoiss  in Jona. 

Sc fcr I hnvo said nothing of filtors,    Tho Oomnr.s followod about tho 
•ana ;-.'. t-.r    as wo did in this  oountry,    Crganio doposlts on tomporod glass 
woro tno standard f'-l.^ra.    Thoy woro fairly offioiont and it «us felt that 
for nil ei-linary IR applications thoy wore porfootly satisfactory. 

C-.rl Zoiss and Schote Olass Works had dovolcpod a lino of intorferonoo 
filtors  that wore  eapr.blu  of giving oxtronoly narrow band-pass oharaetoristios* 
With  t.hoa.   filtert  it vms possible to isolate oortaln spoetral bands, to pro- 
due.   pT.otioal filtari having Tar* stoop transmission ourves, and oven to 
si-ul-.tt tho trr.nsmle.-ion oharaotoristios  of tho atmosphoro. 

Ono noro application that might bo of interest, tho various typos 
cf LICHTFPRtRHER or li.;ht boom telephones.    There w".s nothing really now horn, 
Phroo sohonos  of moohanionl modulation   noro usod bosldos an oloetrioal 
moth-rl.    !ho mocV.nlc 1 n«thods usod wcret   (a) a rooking prism schema that has 
boo» oxpliinod  in dot.il  in t loiniecl journals  'n thj'  nountry,  (u)  a prism 
gri-1 that wrs  en p-bio r.f iOC< m.-dulntion, and  (o) an rpuquo-grid mothod.    The 
oloitrical -• -iul-t   ! LIC1' .-.   \EC:T2R uaod a hi,»pr isur-.   .-ijrcury aro as a light 
sruvoo.       11 of -tho rocoivars usod oithcr a thalloflde cell cr  (inter) a PbS 
oo 11, 

Thnro aro sovoral othor IR items  of intorost that I oeuld discuss,  but 
my timo is Jinitod.    It vas extremely difficult to dooido what should bo 
inni-i :oi and what r. I,:h'   bo nr.ittad.    I hopo that I havo suoaoaded in ny 
atfeeapt t-   .;iva yru n ,-onoral pioturo of tho equipment and tho usos to which 
infrarod rr.dir.tion was put by tho (Simons,    Tho  other spoakors on tho program 
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thie atftornoon «111 go noro Into tho technical dotalla of eertaln photo» of 
tho program, r.nd If my talk has givan you a ganoral lniight of the situation 
•öltet you oan fit the individual pioooa into a oloar undletortod pieturo, 
thonlt has a rvod ita purpoao. 

Thank Tou, 

\ 
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ABSTRACT: 

Infrared methods and devices utilized by the Germans are discussed.   Although their equipment 
performed better than American equipment, only a few models of each device were built and 
few were manufactured in large quantities.    Infrared was used in image-forming detectors for 
vision with IR illumination, detection of heated objects, signalling, tracking, identification, and 
in proximity fuzes, gunfiring, etc.   The lead-selenide cell was used in the latest detecting devices. 
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